Background: Measurement of the ABO antibody (Ab) titer is important in ABO-incompatible transplantation. However, to the best of our knowledge, no standard protocol or external survey program to measure the ABO Ab titer has been established in Korea. We investigated the current status of ABO Ab titer measurements at various laboratories in Korea and the impact of the protocol provided to reduce interlaboratory variations in the methods and results of ABO Ab titers.
INTRODUCTION
ABO-incompatible renal transplantations have become increasingly common because of shortage of ABO-compatible donors [1, 2] . Accurate measurement of the ABO antibody (Ab) titer is important for successful ABO-incompatible transplantations and is mainly determined by the tube test involving observation of agglutinated red blood cells (RBC) with different incubation temperatures, including a phase at ambient room temperature, followed by one at 37°C and conversion to the antihuman globulin phase [3] . In addition to reports on large interlaboratory variation in the results of ABO Ab titer measurements [4] [5] [6] , a reduction in this variation has been reported by using a standard protocol or an external survey. However, to the best of our knowledge, neither a standard protocol nor an external survey program for measurement of the ABO Ab titer has been established in Korea.
The aims of the study were to investigate 1) the current status of ABO Ab titer measurements at various laboratories in Korea, and 2) the impact of the provisional standard protocol on interlaboratory variations in the selection of techniques and results of ABO Ab titer measurements. laboratories sent fresh frozen plasma (FFP) of blood group O as external survey samples with a questionnaire to 68 laboratories across Korea for the measurement of anti-A and anti-B titers, in May 2012. The samples were prepared as follows: 2 units of thawed, blood group O FFP were mixed well and 3 mL of this FFP was sent as samples to the laboratories. The questionnaire consisted of 19 questions regarding the technical procedures used, the RBC suspension, the specimen, treatment with dithiothreitol (DTT), and reading the end-point, etc. for each technique. After 6 months, a second set of survey samples from FFP of blood groups O and B were sent with the final report from the first external survey as well as a provisional, standard protocol (defined as standard protocol in the study) to 53 of the laboratories, which participated in the first survey.
The techniques for measurement of the ABO Ab titer were defined as IS for procedures with immediate spin without incubation, RT for procedures with room temperature incubation, 37°C for procedures with 37°C incubation, and AHG for procedures using the indirect antihuman globulin method for the tube test as well as the column agglutination test (CAT), irrespective of the use of DTT. The protocol allowed the participant laboratory to select one or more methods and techniques.
The standard protocol was written after the review of literature [4, 5, [7] [8] [9] . And the Summary of Uniform Procedure of Anti-A titer in ABT from the College of American Pathologists (CAP), results of the first survey in our study (Table 1) , and review by experts were also included in the protocol. A standard protocol was recommended for aspects such as the technical procedure, the type of sample [7, 8] , method of treatment with DTT, use of 0.9% normal saline as diluents [4, 5, 7, 8] , method of dilution of the sample [9] , incubation [5] , and reading of the end point for the tube test. The standard protocol for CAT was as per the manufacturer's instructions. The standard protocol recommended RT conditions only and AHG technique for the tube test as well as CAT, irrespective of whether DTT was used. A summary of the procedures is shown in Table 2 .
The acceptable range of the titer results was defined as one dilution on either side of the most common result plus an additional dilution in the direction of the log, mean value among 10 or more responders. The number of titer steps was defined as the frequency of dilution.
All the statistical analyses were performed by using a software program (SPSS for Windows v. 12.0; SPSS, Chicago, IL, USA). The rates at which results from various laboratories were found to be within the acceptable range of the ABO Ab titer were analyzed statistically by using the Pearson Chi-square test and/or Fisher's exact test with 2-sided exact significance. Differences in the number of titer steps between techniques and the survey were analyzed statistically by using the Student t-test and the 
RESULTS

Current status of ABO Ab titer measurement at laboratories in Korea
The response rates were 77.9% (53/68) for the first survey and 86.8% (46/53) for the second survey.
As shown in Table 1 , several interlaboratory variations were found in the procedures used, including those with respect to the dilution, reading of the end point, incubation, sample, and reagents. Most of the laboratories used either serum as the sample (90%), polyspecific AHG (78%), 1:1 (v/v) ratio of specimen to RBC (80%), or immediate spin condition for incubation (74%) in the tube test. Additionally, 18% (9/53) of the laboratories used microscopy when reading the end-points with the tube test (Table 1).
Of the laboratories that responded to the first survey, 36 were part of university hospitals, while 17 were affiliated to tertiary or secondary hospitals. Among these, only 28 laboratories reported to have conducted ABO Ab titer testing at least once in the past year (2011). Fifty laboratories (excluding duplicates) reported using the tube test with IS (37), RT (8), 37°C (5), and AHG (18), while 11 laboratories (excluding duplicates) reported using the CAT-based gel card test with RT (4) and AHG (11) ( Table 3) . Thirty laboratories used only one, 16 used two, while 7 used three techniques. Of the remaining 25 laboratories where any ABO Ab titer measurements had not been conducted in 2011, 19 reported to have previously used only the tube-test with IS. In all, only 24 (45%) laboratories used the AHG method in the Table  3) . None of the laboratories used microscopy to read the endpoint for the tube test in the second survey. The distribution of titer results for anti-A in Fig. 1 and anti-B in Fig. 2 for blood group O and that for anti-A in Fig. 3 for blood group B are shown, grouped as per the technique used. The maximum differences of titer step (range of titer) between labo- Fig. 1 . Number of laboratories with distribution of the anti-A titers as per method and survey results in blood group O. Number of laboratories reading '1+' as the only end point; The asterisk (*) and empty circle (°) mean the acceptable range of the titers, which was defined as one dilution either side of the most common response plus an additional dilution in the direction of the log mean response among 10 or more responders, for RT or IS and AHG, respectively. There were no significant differences in the rate at which laboratory results were within acceptable range using the tube test between both surveys; the rates were 77.8% (33/45) and 87.8% (36/41) for Tube-RT including Tube-IS (P = 0.110) and 78.6% (11/14) and 92.0% (23/25) for Tube-AHG (P = 0.329). ratories for Tube-RT including Tube-IS and Tube-AHG were six (4-256) and five (16-512) for the first survey and five (4-128) and five for the second survey, respectively. The differences of titer step (range of titer) for CAT-RT and CAT-AHG were one (16-32) and zero (128) for the first survey and two and three (16-128) for the second survey, respectively. Difference in the average of titer steps in CAT (1.5) was significantly lower than that for the tube test (5.25, P = 0.006). This finding indicates that CAT has significantly less interlaboratory variation than the tube test. However, there was no significant difference in the number of titer steps between the first (3.0) and second (3.75) survey.
There were no significant differences in the rate at which laboratory results were within acceptable range using the tube test between both surveys: the rates of anti-A of blood group O were 77.8% (33/45) and 87.8% (36/41) for Tube-RT including Tube-IS (P =0.110) and 78.6% (11/14) and 92.0% (23/25) for Tube-AHG (P =0.329); the rates for anti-B of blood group O were 88.9% (40/ 45) and 78.0% (32/41) for Tube-RT including Tube-IS (P =0.244) and 85.7% (12/14) and 88.0% (22/25) for Tube-AHG (P =1.000).
DISCUSSION
In previous studies, we found interlaboratory variations in IgM- Fig. 2 . Number of laboratories with distribution of the anti-B titer as per method and survey results, in blood group O. There were no significant differences in the rate at which laboratory results were within acceptable range using the tube test between both surveys; the rates were 88.9% (40/45) and 78.0% (32/41) for Tube-RT including Tube-IS (P = 0.244) and 85.7% (12/14) and 88.0% (22/25) for Tube-AHG (P = 1.000). Number of laboratories reading '1+' as the only end point; Asterisk (*), empty circle (°). ype ABO Ab titer as large as 16-fold [6] , 32-fold [4] , and 32-fold using Tube-RT, while in IgG-type ABO Ab titer variations were up to 32-fold [6] , 256-fold [4] , and 64-fold using Tube-AHG techniques. The study from three European centers reported that there was a six-titer-step difference in the tube test among institutions. The interlaboratory variation for the IgG tends to be higher than that for the IgM ABO Ab titer. This may be related to the more complicated techniques involved in IgG ABO Ab titer measurement than that used for IgM. Differences in the ABO Ab titer have been reported not only between laboratories but also between techniques in the same laboratory [10] . Therefore, a standard protocol is necessary to reduce inter-and intralaboratory titer variations. The standard protocol recommends EDTA-plasma or serum to be used as the sample since serum is widely used [8] while EDTA in plasma can prevent complement activation and hemolysis during incubation at 37°C [7] . Therefore, if a laboratory uses the AHG technique for ABO Ab titer measurement, then EDTA-plasma would be the specimen of choice. For diluting the sample, 0.9% normal saline without any potentiator is the recommended diluent, since any form of enhancement may result in false elevation of titers [9] . Either 2 drops of 2% RBC suspension or 1 drop of 3% RBC suspension can be used [8, 9] . In our study, we selected 1 drop of 3% RBC suspension, as 40% of laboratories in our study used the 3% commercial RBC suspension for the measurement of the ABO Ab titer.
CAP recommends w+ or the trace end-point instead of 1+ reactivity to reduce interlaboratory variability as the difference between 1+ and 2+ may be less discernible than that between w+ and 1+ [5] . Although our study could not analyze the effect of w+ reactivity owing to the limited responders with the w+ endpoint, a similar tendency could not be found in our study. Since other reports recommended the 1+ end-point, except for CAP, our protocol recommended the w+ or 1+ end-point as per the laboratory, without the use of microscopy when using the tube test [8] . After distribution of the standard protocol, 18% (9/53) of the laboratories that used microscopy in the first survey changed their protocols to macroscopic observations. Before the distribution of the standard protocol, 55% of the laboratories in Korea used only Tube-IS, Tube-RT, and Tube-37°C methods. Although both IgM and IgG can agglutinate RBC at room temperature or cooler [9] , these techniques primarily detect IgM, while IgG cannot be accurately measured. However, AHG titer values are known to be critical for the clinical management of ABO-incompatible kidney transplantation, and IS or RT titers offer no additional data to influence clinical decisions [11] . IgG is the major isotype for anti-A and anti-B in blood group O, while IgM is the predominant isotype found in group A and group B individuals [9] . In our study, 80% of laboratories showed willingness to change their protocols for ABO Ab titer measurement according to the standard protocol, and there was a 70-80% increase in the number of laboratories using Tube-AHG or CAT-AHG in the second survey as compared to the first survey. The standard protocol thus contributed to a change in the technique used by local laboratories for ABO Ab titer measurements to detect IgG.
